The genus Petunia is a plant of high economic importance in the world-wide horticulture. These ornamental plants are often exposed to soil salinity that negatively affects their development. Chitosan is a biopolymer with multiple applications in plant breeding but it also minimizes the adverse effects of abiotic stresses on plant growth. The objective of this study was to investigate the effects of chitosan on petunia shoots development under salt stress in vitro. In the first experiment, four types of chitosan with molecular weight of 3.33, 8, 10 and 970 kDa in the concentrations of 0, 10, 15 and 20 ppm were supplemented into MS medium. In the second experiment, petunia shoots were grown on MS medium with the addition of different molecular weight of chitosan in the concentration of 15 ppm each and 100 mM NaCl. The results indicated that all of chitosan types and concentrations stimulate the plant growth in comparison to control. However, 15 ppm chitosan concentration was more effective than other concentrations used. Salinity caused a significant reduction in shoot and root length, fresh and dry mass, plant water contents, while chitosan (970 kDa) adjusted the salt toxicity. It is concluded that chitosan would be able to stimulate the growth of petunia shoots in vitro independent of their molecular weight. It was observed that the addition of chitosan of 970 kDa to MS medium under salinity conditions may alleviate the inhibitory effect of salt stress on the plant growth.
INTRODUCTION
Tolerance to different abiotic stress and yield stability are complex genetic traits that are difficult to establish in many crops [Mahdavi and Rahimi, 2013] . Salinity is one of the abiotic factors that affects plant at every stage during development, vegetative growth, and yield production [AlTawaha and Al-Ghzawi, 2013; Mahdavi and Rahimi, 2013] . Salt stress has been showed to reduce the dry matter content, increase the root and shoot ratio, reduce the photosynthetic rate, transpiration rate, and cause degradation of chlorophyll [Manchanda and Garg, 2008; Khalid et al., 2015; Piwowarczyk et al., 2016; Krupa-Małkiewicz et al., 2017]. However, plants exhibit a broad spectrum of responses to salinity, but most of them have reduced growth by salt [Piwowarczyk et al., 2016] . A fundamental biological understanding and knowledge of the effects of salt stress on plants is necessary to provide additional information for the identification of the plant response to salinity and try to find future applications for ameliorating the impact of salinity on plants. Proper selection of tolerant genotypes from the cultivated plants depends on the availability of verified assessment method. The conventional plant breeding strategy for overcoming the negative effects of salt stress has still limited success [Rai et al., 2010; Gaswanto et al., 2016] . One of the possible strategies for plants under saline conditions is the application of plant growth-regulating compounds that could alleviate the salt stress effect. Elicitors may be used in order to achieve the optimal growth of many crops under adverse conditions. In order to activate the defense responses, these molecules induce plant defense mechanisms through perception and transduction of biological signals [Angelova et According to Mahdavi and Rahimi [2013] one of the methods to decrease the negative effect of abiotic stress is the application of chitosan. Chitosan is a biopolymer that is completely safe for the environment. This compound is a derivative of chitin and is characterized by biodegradability, bioactivity, and biocompatibility properties [Dias et al., 2013] . The molecules consitute oligosaccharides and biopolymers found in the cell walls of some fungi [Lizárraga-Paulin et al., 2011]. The main source of chitosan production is the chemical or enzymatic chitin deacetylation. According to Jabeen and Ahmad [2013] antioxidant activities of chitosan depend on the molecular weight as well as on the degree of deacetylation. It was also confirmed from various studies that the use of chitosan influences the increase in the yield in production, including floral production, and induces a range of metabolic changes, as a result of which plants become more tolerant to the abiotic and biotic factors Petunia × atkinsiana D. don belongs to Solanaceae family and is often considered a secondary plant model-system, due to various favorable biological features. These constitute common flowering ornamental plants, largely produced for home-consumption and for gardening [Berenschot et al., 2008] .
The aim of this work was to investigate whether the application of different types and concentrations of chitosan at the in vitro culture can stabilize plant tolerance to salinity in Petunia × atkinsiana D. don.
MATERIAL AND METHODS

Plant material and general experimental conditions
Two separate experiments were conducted in the laboratory of the Department of Plant Genetics, Breeding and Biotechnology at the West Pomeranian University of Technology in Szczecin, Poland at 2016.
In the first stage of the study, chitosan concentration with the most favorable effect on the morphological characters of the tested petunia plants was selected. The plants material consisted of 15-20 mm shoots of Petunia × atkinsiana D.don "Prism White" obtained from sterile stabilized in vitro culture. The explants were multiplied on the MS medium according to Murashige and Skoog [1962] composition of macro-and microelements, 3% (w/v) sucrose (Chempur, Poland), 0.8% (w/v) agar (Biocorp, Poland) and 100 mg·dm -3 myo-inositol (Duchefa, Netherlands). After 35 days, shoots cuttings were placed on MS medium supplemented with chitosan of four different molecular weight (3.33; 8; 10 and 970 kDa) each in different concentration (0, 10, 15 and 20 ppm). Chitosan was added to the MS medium before autoclaving. MS medium without addition of chitosan was the control. After 28 days, shoot and root length, number of new shoots and fresh mass were measured. Dry mass of explants was determined after drying in the hot-air oven at 70°C for 24 hours. Plant Water Content (PWC %) was determined following the formula:
The second experiment was conducted to establish the effects of the optimal concentration of chitosan on the morphological growth parameters of petunia plants under the salt stress. The explants treated with chitosan in vitro and also untreated plants were transferred to the MS medium with addition of 100 mM NaCl with or without 15 ppm of different types of chitosan (3.33; 8; 10 and 970 kDa). MS medium without addition of NaCl salt and chitosan was the control. After 28 days, the morphological traits (shoot and root length, number of new shoot, fresh and dry mass) as well as plant water content and electrical conductivity (EC%) were determined.
The pH of all media was adjusted to 5.8. Culture jars (300 ml) with the medium (30 ml) were autoclaved for 20 minutes at 121°C and 0.1 MPa. Sample size was four explants per culture vessel with eight replicates per treatment. All cultures were incubated in growth room at a temperature of 25°C under 16 hours photoperiod with a photosynthetic photon flux density (PPFD) of 40 μmol·m -2 ·s -1
.
Estimation of electrical conductivity
Leaf disc of 1 cm 2 were washed with distilled deionized water and placing in a test tube containing 10 ml distilled water and incubated at 25°C on shaker (100 rpm) for 24 hours. At the end on incubation the electrolytic conductivity I (EC I) of bathing solution was recorded (Electrical Conductivity Meter). The samples were autoclaved at 121°C for 19 minutes and afterwards cooled to the room temperature EC II. Electrical conductivity was measured according the formula:
Chitosan
Four types of chitosan molecules (of molecular weight: 3.33; 8; 10 and 970 kDa) were obtained from Center of Bioimmobilisation and Innovative Packaging Materials at West Pomeranian University of Technology in Szczecin, Poland. The products have been obtained according to Bartkowiak (2001) .
Statistical analysis
The results obtained for plants in in vitro cultures were analysed statistically. The significance of differences was determined by means of variance analysis (ANOVA) and Tukey's test, at the level of significance of α=0.05.
RESULTS AND DISCUSSION
Effect of chitosan on in vitro growth of petunia explants
The application of chitosan in vitro resulted in improved shoot and root length of petunia plants propagated in in vitro culture ( Table 1 ). The highest shoot length (4.69 cm) was formed by Petunia explants grown on the MS medium supplemented with 8 kDa chitosan in comparison to 3.33, 10, and 970 kDa (by 9%; 12%; 26.4%, respectively).
Out of all the chitosan concentrations applied in the experiment, 10 ppm was found to be the most efficient in the stimulation of shoot length (Table 1) . A different interaction was observed between the molecular weight of chitosan and its concentration. It was observed that higher concentration of chitosan had a negative effect on the length of the shoot. However, the polymer did not have a favorable effect on shoot formation and the number of petunia leaves. The number of shoots and leaves formed per one plant was lower than in the control independently of the used chitosan type and concentration ( Table 1 ). The root length exhibited a dose-dependent effect to chitosan (Table 1 ). Compared to the control plants (grown on MS medium without the addition of chitosan), the maximal root length was obtained at 15 ppm concentration of 8 kDa chitosan (by 66.4%). Furthermore, the application of 10 kDa chitosan at concentration of 15 ppm also increased the root length by 28.7% in comparison to control. In the case of addition of chitosan with the molecular weight of 3.33 or 970 kDa to the medium, it was observed that along with the increase in concentration, the length of petunia roots decreased. Chitosan had significant effects on fresh weight, and the effects were dose dependent ( Table 2) . Out of all the concentrations applied, 15 ppm resulted in the greatest increase in fresh weight and plant water contents (by 48.8% and 68.3%, respectively) compared with the control. However, no statistical influence of chitosan and its concentration on dry weight of petunia plants was observed.
The relevant literature demonstrates that the addition of chitosan to the medium has a variable influence on morphology of different plant species. Ait Barka et al. [2004] , who used chitogel for the stimulation of growth of grapevine in vitro, determined that the concentrations of over 2% (v/v) had a negative effect on plant growth, based on shoot-length measurements, inducing even plant health. Sopalun et al. [2010] suggested that chitosan promoted in vitro shoot formation of Grammatophyllum speciosum but not rooting. On the contrary, Obsuwan et al. [2010b] described the stimulating effect of chitosan on the morphology of Rhynchostylis giganteaprotocorms propagated in vitro. Similarly to the present study, Obsuwan et al.
[2010a] described the observations and stated that the polymer does not influence the height and the number of leaves of Dendrobium 'Eia Sakul'. In the current study, the optimal concentration of chitosan, allowing the best growth of petunia plants, was 15 ppm. Independently of the molecular weight of the used chitosan, the mean root length and the mean number of new shoots and leaves per explant, as well as fresh weight and the percentage water content, were enhanced (Table 1, 2) . This concentration was used in subsequent experiments.
Effect of chitosan on morphological traits of petunia exposure to salt stress
The application of 100 mM NaCl salt into the MS medium had a negative effect on the morphological traits such as shoot and root length ( Table 3 ). The petunia plants from MS medium supplemented with 100 mM NaCl were lower from the control plants by 69% and had 97.6% shorter roots. However, no statistically significant differences in the number of shoots formed per plant were observed. The obtained results are consistent with those observed by Jones [1986] and Krupa-Małkiewicz et al. [2016] , who found that the salt concentration that is above 100 mM in the medium has an inhibitory effect on seeds' germination and plant growth. In the present study, the growth characteristic of petunia explants under salinity stress was effectively improved with chitosan supplement. It was observed that the use of chitosan with the molecular weight of 970 kDa was the best to minimize the adverse effect of NaCl salt. The plants on MS medium with addition of 100 mM NaCl and 970 kDa chitosan in concentration of 15 ppm were taller by 19% and had 1575% longer roots than plants from MS medium supplemented with 100 mM NaCl salt (Table 3 ). The number of new shoots on the explant was equal to the control. According to many authors [Munns, , in order to determine the influence of salt stress on the plant growth, apart from measurements of shoot and root length, their weight should also be measured. Low growth coefficient may suggest the occurrence of adaptive processes for stress conditions within the plant.
From the results of our study, it was determined that the addition of 100 mM NaCl to the MS medium caused a decrease in fresh and dry mass as well as plant water contents (by 56%, 50% and 71.2%, respectively) compared with the control (Table 4 ). It was observed that the addition of chitosan to selective medium increased the growth of fresh and dry mass of petunia explants as well as plant water contents. However, these values did not differ statistically. In the presence of 10 kDa chitosan and 970 kDa chitosan in the concentration of 15 ppm each in the selective medium, the percentage content of water in plant was twice as high compared to explants from MS medium with addition of 100 mM NaCl. The addition of NaCl to the MS medium also had a negative effect on electric conductivity (EC) in the plants (Table 4) . However, it was observed that as the molecular weight of chitosan in the MS medium increased, the EC index decreased. Hence, the control petunia plants were characterized by a lower EC index (40.2%). This is probably influenced by the higher growth rate of these explants in the initial phase of the culture. These results are in agreement with those of Jabeen and Ahmad [2013] who reported that chitosan was an effective biostimulator to enhance safflower and sunflower seedling growth and plant tolerance to oxidative stress under salinity and could overcome severe stress through the reduction of enzyme activity caused by scavenging of ROS.
In this study, it was confirmed that chitosan can function as a plant growth stimulator for petunia micropropagation. The effect of chitosan on morphological traits of petunia was concentration and molecular weight dependent. However, it was found that chitosan in higher molecular weight (970 kDa) supplemented to solid MS medium can alleviate the effect of salinity stress by promoting shoot and root formation of petunia 'Prism White'. However, in order to better recognize and understand how chitosan may be related with salt tolerance, further and more precise research should be carried out. 
